Mongolian people have higher mortality and morbidity rates due to cardiovascular disease (CVD) than Japanese people. The cardio-ankle vascular index (CAVI) and ankle-brachial index (ABI) are both atherosclerosis-related indexes. Presently, there is no comparative information on CAVI and ABI among young subjects between Mongolian and Japanese people. A total of one hundred Mongolian (men: 39%, mean age: 20.9±2.2 years) and 115 Japanese volunteers (men: 39%, mean age: 22.0±1.8 years) were recruited from among university students. The body mass index (BMI), heart rate (HR), blood pressure (BP), CAVI, ABI, carotid intima-media thickness, blood total cholesterol (TC), glucose and C reactive protein levels were measured. The levels of BMI, HR and diastolic BP were significantly higher, and TC and glucose were significantly lower in the Mongolian subjects than in the Japanese subjects. The CAVI values (median (interquartile range): 6.5 (5.8-7.0) vs. 5.6 (5.2-6.0)) and ABI (1.11 (1.05-1.17) vs. 1.09 (1.05-1.15)) were significantly higher in the Mongolian subjects than in the Japanese subjects. The patterns of correlation between CAVI, ABI and other atherosclerotic parameters were different: in age-, gender-and BMIadjustment correlation tests for CAVI and ABI, HR (r ¼À0.25 for CAVI and ABI) showed a correlation in the Mongolian subjects, and for ABI systolic BP (r ¼À0.28) showed a correlation in the Japanese subjects. These results suggest that Mongolian subjects may be at higher risk of CVD, even among younger individuals, than Japanese subjects.
INTRODUCTION
Cardiovascular disease (CVD) is a major world-wide cause of premature death. 1 Since 1995, CVD has been increasing and has become a more significant health issue than cancer in Mongolia. 2 The WHO statistical data in 2005 suggested that the Mongolian people had a shorter life expectancy by 17 years in comparison with the Japanese people. 3 In the country health information profiles of the WHO report in 2006, the mortality rates per 100 000 of the population were 4.5 and 17.3 due to hypertension, 21.3 and 43.7 due to ischemic heart disease, and 246.3 and 230.6 due to cerebrovascular diseases in Japan and Mongolia, respectively. 3 Therefore, comparative studies are necessary to determine the atherosclerotic factor traits between Mongolian subjects and those from countries such as Japan, which has a very high average lifespan.
One of the crucial issues to prevent CVD is the detection of atherosclerotic alterations among asymptomatic subjects. The cardio-ankle vascular index (CAVI) and ankle-brachial index (ABI) are both atherosclerosis-related indexes that are particularly reflective of arterial stiffness and stenosis, respectively. 4, 5 In fact, both indexes are associated with atherosclerotic risk factors and predict the future of CVD. 4, 5 CAVI is a new parameter, independent of blood pressure (BP), and the clinical significance of CAVI for CVD has been established recently. 6 ABI is also useful for the diagnosis of low extremity peripheral arterial stenotic disease. 7 Age, male gender, smoking, lack of exercise, obesity, dyslipidemia, diabetes and hypertension are routinely considered to be well-known atherosclerotic risk factors. 8, 9 Although there have been a few comparative studies reporting higher levels of body mass index (BMI) and BP in Mongolian subjects in comparison with Japanese subjects, 10, 11 the earlier studies have not examined young subjects. To prevent atherosclerosis in the long term, it is necessary to start the prevention in the early stages of the condition in young people. However, no information on atherosclerosis-related parameters such as CAVI and ABI is available for young persons. Although the difference in lifestyle factors between Mongolian and Japanese people can also affect the status of atherosclerotic risk factors, there have been few comparative studies on regulation of lifestyle factors. Therefore, the objective of this study was to examine the atherosclerotic parameters, including CAVI and ABI, in consideration of some lifestyle factors in young Mongolian and Japanese subjects.
MATERIALS AND METHODS
A total of 100 Mongolian volunteers (men: 39, women: 61), aged 18-25 years, were recruited from the Health Sciences University of Mongolia (Ulaanbaatar city, Mongolia). Similarly, 115 volunteers (men: 45, women: 70) were recruited from the Jichi Medical University (JMU) in Tochigi Prefecture, Japan. The participants' data were collected under the same conditions (that is, during a regular class period without any examinations, or at room temperature) between June 2006 and January 2008. All eligible subjects were asymptomatic without any known history of cardiovascular, cerebrovascular, kidney or liver disease. None of the subjects were currently consuming alcohol. This study was approved by the Ethical Committee of JMU and the Mongolian Ministry of Health, and each volunteer gave informed consent.
With respect to lifestyle factors, questionnaires on meat intake (categorized by X4 times in a week or o4 times in a week), vegetable intake (X4 times in a week or o4 times in a week), salt intake (high or low), smoking (current or former/never) and physical activity (X1 time in a week or o1 time a week) were self-administered. The BMI was calculated as weight divided by the square of body height while wearing light clothes. Serum samples were collected from the antecubital vein after a 12-h overnight fast and the samples were stored at À80 1C. Blood measurements were performed at a laboratory facility in Japan. The serum total cholesterol and plasma glucose were measured enzymatically, and C reactive protein was measured using a latex agglutination immune assay (EIKEN Chemical Co. Ltd, Tokyo, Japan).
Oscillometric technology was applied to evaluate the heart rate (HR), CAVI and ABI using a VaSera VS-1000 vascular screening system (Fukuda Denshi Co. Ltd, Tokyo, Japan). The volunteers were made to lie on a bed in supine position for at least 10 min, as described earlier. 12 The CAVI values were obtained from the brachial and ankle pulse wave forms, systolic and diastolic BP (SBP and DBP), 13 which were measured by using a cuff suitable for each subject's arm according to the proposed technical manual. 14 The stiffness parameter was calculated using the formula CAVI¼ln(Ps/Pd)Â2r/DPÂPWV 2 (where Ps is the SBP, Pd the DBP, r the blood density, DP the pulse pressure and PWV the pulse wave velocity between the aortic value and the ankle). ABI was determined based on the SBP in both the upper (brachial arterial) and lower (tibial arterial) BP. 5 ABI was calculated by dividing the ankle SBP by the brachial SBP. The SBP and DBP were measured for each subject's brachial artery: although this was a single measurement, the subjects showing hypertensive levels were not detected.
Moreover, after 5 min of relaxing in the supine position, the intima-media thickness (IMT) of the bilateral common carotid arteries of the volunteers was measured by ultrasonography (EH54-9DR system, DIASUS, Scotland, UK). The mean IMT levels were determined by the average of the values at points 1, 2 and 3 cm below the carotid bifurcation on each side of artery.
Statistical analysis
The data are presented as the mean±s.d.; in cases of parameters with nonnormal distributions (BMI, HR, SBP, DBP, CAVI, ABI, IMT, total cholesterol, glucose and C reactive protein), the data are shown as the median (interquartile range). In all analyses, parameters with non-normal distributions were used after log-transformations. All statistical analyses used the Statistical Package for Social Science (SPSS) version 16.0 for Windows (SPSS Inc., Chicago, IL, USA). A P-value o0.05 was considered to be statistically significant. Comparisons between groups were examined using Student's t-test (for continuous variables) and the w 2 -test/Fisher's exact probability test (for categorical variables). As the age and BMI were significantly different between the Japanese and Mongolian subjects, age and gender were treated as co-variables in the comparison with BMI, and subsequently, in the comparison of other parameters, age, gender and BMI were treated as co-variables. To analyze the within-lifestyle-categorized group differences and between-race-based group differences in the relationship of lifestyle factors with atherosclerotic parameters, age, gender, BMI and other lifestyle factors were treated as co-variables. To investigate the correlations of CAVI and ABI with other atherosclerotic parameters, Pearson's correlation and partial correlation tests were used with adjustments for age, gender and BMI.
RESULTS
The mean age was slightly but significantly older in the Japanese subjects than in the Mongolian subjects. In the comparative data for the atherosclerotic parameters between the young Japanese and Mongolian subjects (Table 1) , the BMI in the Mongolian subjects was significantly higher than that in the Japanese subjects. The HR and DBP levels were significantly higher and SBP levels tended to be high in the Mongolian subjects. CAVI and ABI were significantly higher in the Mongolian subjects than in the Japanese subjects. The total cholesterol and glucose levels were significantly lower in the Mongolian subjects than in the Japanese subjects, but the IMT and C reactive protein levels were similar.
Regarding the correlations of CAVI and ABI to other atherosclerotic parameters in the respective race-based groups (Table 2) , a simple correlation test between bivariables (model 1) showed that CAVI was positively correlated with age in the Mongolian subjects. However, a correlation test with adjustments for age, gender and BMI (model 2) clearly showed a negative correlation between CAVI and HR in the Mongolian subjects. In contrast, in both correlation models of ABI, HR was correlated negatively with ABI in the Mongolian subjects and SBP was negatively correlated with ABI in the Japanese subjects.
Regarding lifestyle factors (Table 3) , the Mongolian subjects had a higher percentage of meat intake and current smoking, in comparison with that in the Japanese subjects. Other lifestyle factors did not show significant differences. As for the relationship between the lifestyle factors and atherosclerotic parameters (Table 4) , both differences between the race-based groups and differences in lifestyle categories within the respective race-based groups were observed. Only vegetable and salt intake showed significant between-group differences in some atherosclerotic parameters: Mongolian subjects with lower vegetable intake levels had significantly higher levels of HR than those with higher vegetable intake levels. Japanese subjects with high salt intake had significantly higher levels of HR than those with low salt intake. In contrast, the SBP was significantly higher in subjects with low salt intake than in Mongolian subjects with high salt intake. No significant relationships between CAVI, ABI and lifestyle factors were observed in either the Mongolian or the Japanese subjects.
DISCUSSION
This study is the first to compare CAVI and ABI between young Japanese and Mongolian subjects considering lifestyle factors. The overall levels of atherosclerotic parameters were shown to be higher, despite the lower levels of total cholesterol and glucose in Mongolian subjects than those in Japanese subjects. In particular, BMI, HR, DBP, CAVI and ABI levels were significantly higher in the Mongolian subjects. Although higher levels of BMI and BP in Mongolian subjects have been noted in earlier studies, 10,11 those studies did not examine young people. The finding of higher levels of atherosclerotic parameters in Mongolian subjects in comparison with Japanese subjects cannot be ignored when these are present even in young subjects, if these findings are relevant to the higher rate of CVD in the Mongolian people.
In addition, the non-remarkable influences of lifestyle factors and similar levels (within reference ranges) on IMT and C reactive protein between Mongolian and Japanese subjects suggest that the present study population showed only a weak effect of their accumulated daily lifestyles, and that the subjects were free from atherosclerotic changes, probably because the population comprised young and undiseased subjects. Accordingly, the present data might be a valuable reference to observe the prospective incidence of CVD.
CAVI is a new marker for the stiffness of the aorta, femoral and tibial arteries, independently of BP. 15 CAVI was higher in Mongolian subjects. Aorta stiffness was not expected in this young population, but these results imply the presence of promoting factors for arterial stiffness in Mongolian subjects. Interestingly, in the confounderadjustment tests CAVI was significantly correlated with HR in Mongolian subjects, whereas a negative relationship between HR and CAVI has not been documented earlier. In contrast, ABI is shown to be a highly sensitive marker to diagnose peripheral arterial stenotic disease, but it was not expected in this study population, because all values of ABI did not correspond to the disease criteria level (of o0.9). 16 In this situation, higher ABI levels were found in the Mongolian subjects in comparison with the Japanese subjects. The absence of a significant difference in SBP (brachial BP) between Mongolian and Japanese subjects suggests that the ankle BP might affect ABI levels to greater extent. Interestingly, HR was correlated negatively with ABI in the Mongolian subjects, which is consistent with earlier findings. 17, 18 In the Japanese subjects, the SBP was negatively correlated with ABI, which is also consistent with the earlier results. 19 Thus, although differences in the correlation pattern of CAVI and ABI with other atherosclerotic parameters between young Mongolian and Japanese subjects were identified, the reasons are unclear. As a possible mechanism, the residential altitude is very different between Japanese and Mongolian people and it has been documented that the altitude can contribute to circulatory characteristics such as HR and BP. 20, 21 The mean altitude of JMU (Tochigi prefecture) is approximately 50 m (165 feet) and that of Ulaanbaatar is 1350 m (4429 feet) above sea level. In our study, the higher levels in HR and BP in the Mongolian subjects may be explained by the earlier study results that HR and BP (DBP in particular) increased with rising altitude levels. 20, 21 However, basically CAVI is independent of BP (at least, the direct causes of increases in BP cannot necessarily be similar to those in CAVI). Importantly, one study has suggested that CAVI levels are higher in residents living at high altitude than those at sea level, and increases in hematocrit and oxidative stress by hypoxia are speculated as the causes. 21 In fact, the increased hematocrit levels in Mongolian subjects have already been reported. 20 Therefore, the results of higher CAVI levels in the Mongolian subjects may be partly due to such hypoxia-related factors. In addition, the higher ABI levels obtained in the Mongolian subjects may be partly explained by the fact that sympathetic nerve activity (in daily life) at high altitude also increases peripheral BP, 22 leading to a relative increase in the ankle BP to brachial BP. Therefore, the characteristics of atherosclerotic parameters in Mongolian subjects could be associated with the altitude level at which they live.
Moreover, although the genetic backgrounds are generally thought to be similar between Mongolian and Japanese people, 23 the frequencies of gene polymorphisms might be partly different. 24, 25 For instance, a similar frequency of Japanese (8.8%) and Mongolian (9.9%) people having the Di (a) antigens is called the Mongoloid factor, 23 but some of the gene polymorphisms are different (for example, apolipoprotein e4 allele and interleukin 8-251 A/T polymorphism). 24, 25 Therefore, undetermined genetic factors contributing to the atherosclerotic parameters, especially CAVI and ABI, might explain some of the results.
This study had an advantage in that all measurements were performed using the same methodology and at the same facility, which seems to be important in comparative studies between countries. There are also a few limitations. Although the questionnaire generally covered the representative lifestyles relating to atherosclerosis, the categorization was simple and the detailed content of lifestyles was not confirmed. This could lead to difficulty in detecting the influences of lifestyle factors on atherosclerotic parameters. Although the sample size was small, the fact that the study population consisted of persons who got into the universities at a nationwide level in the respective countries strengthened the generalization of the results. The measures of hematocrit level, oxidative stress, sympathetic nerve activity and genetic polymorphisms were not examined, although these measures may provide further information on the altitudeatherosclerotic connection. Therefore, a study with a larger sample size and more detailed lifestyle-related questionnaires and the measurements of various biomarkers is a future challenge. Furthermore, other undetermined factors, for example, environmental factors other than altitude, should also be considered.
In conclusion, this study found that CAVI and ABI, in addition to BMI, HR and DBP, were significantly higher in the Mongolian subjects than in the Japanese subjects. These findings suggest that Mongolian people may be at higher risk of CVD, even among the younger generation. Further studies are needed to clarify the bio-physiological mechanism of higher levels of atherosclerotic parameters. Abbreviations: HR, heart rate; NS, no significance; SBP, systolic blood pressure. Data are presented the mean ± s.d. or median (interquartile range). Vegetable intake: Q 0 ¼X4 times in a week, Q 1 ¼o4 times in a week. Salt intake: Q 0 ¼less salty, Q 1 ¼salty. P 1 : within-group difference in Japanese subjects. P 2 : within-group difference in Mongolian subjects. P 3 : group difference between Japanese and Mongolian subjects. Significance level: Po0.05 (all analyses were performed with the adjustments for age and gender, BMI and other lifestyle factors.
